Summary. Type 1 (insulin-dependent) diabetic patients with clinical nephropathy have a more than ten-fold increase in mortality of cardiovascular diseases compared with diabetic patients without nephropathy. The risk factors for cardiovascular disease, plasma concentrations of lipoproteins and fibrinogen, were investigated in 74 long-term diabetic patients: 37 with normal urinary albumin excretion, 20 with incipient nephropathy and 17 with overt clinical nephropathy based on urinary albumin excretion. The groups were matched according to sex, age and diabetes duration. The concentration of plasma cholesterol, very low density lipoprotein cholesterol, low density lipoprotein cholesterol, triglyceride and fibrinogen rose with increasing urinary albumin excretion. The plasma concentrations of these lipoproteins and fibrinogen were 11-14% higher in the patients with incipient nephropathy and 26-87% higher in the patients with overt clinical nephropathy compared with the patients without nephropathy. The plasma concentration of high density lipoprotein cholesterol was unaffected by albuminuria. Patients with normal urinary albumin excretion and Hb&c>8.0% had significantly higher very low density lipoprotein-and lower high density lipoprotein cholesterol concentrations compared with patients with HbAlc < 8.0%. Simple addition of the described risk factors can only account for a minor part of the greatly increased cardiovascular mortality in patients with diabetic nephropathy. An additional and possibly more decisive factor might be a change in the arterial wall, a change which promotes lipid accumulation and/or facilitates thrombus formation.
Recent epidemiological studies have shown that Type 1 (insulin-dependent) and Type 2 (non-insulindependent) diabetic patients developing diabetic nephropathy have an up to 30-fold increase in mortality compared with diabetic patients not developing nephropathy [1] [2] [3] . A substantial part of this excess mortality is caused by cardiovascular diseases [4] . In a previous study of Type 1 diabetic patients the cumulative incidence of coronary heart disease within 6 years after onset of proteinuria was 40% versus 5% in patients without proteinuria [5] .
Higher smoking frequency [6] , elevated blood pressure [7, 8] , increased plasma fibrinogen concentration and increased thrombocyte aggregation [9] are frequently present in diabetic patients with proteinuria. Furthermore, atherogenic plasma lipid and lipoprotein abnormalities are described in these patients [10] [11] [12] . However, it is not known to what extent these changes are seen at the early stage of diabetic nephropathy.
Therefore, in the present study plasma concentration of lipoproteins and fibrinogen were investigated in long-term Type I diabetic patients with different levels of urinary albumin excretion (UalbV) (normal range to overt diabetic nephropathy).
Subjects and methods

Patients
Seventy-four non-obese patients with Type t diabetes (onset before age 31) were recruited from the outpatient clinic at the Steno Memorial Hospital. All patients had a diabetes duration of more than 5 years. Their current age was between 18 and 50 years. They had no history of non-diabetic renal disease and all had a negative bacterial culture of the urine. All subjects gave their informed consent to participate in the study. All received conventional insulin treatment, i.e. 2-3 daily injections of intermediate-acting insulin often mixed with short-acting insulin. The composition of food intake was carefully calculated for each patient; 50-55% of the total calories consisted of carbohydrates, 30-35% of fat and 15% of proteins. None of the patients had ketoacidosis or a history of habitual alcohol intake.
The patients were recruited from 3 groups according to level of albuminuria.
Group 1: patients with normal UalbV ( < 30 mg/24 h) (n = 37). Group 2: patients with elevated UalbV in the range of 30-300 rag/ 24 h, i.e. patients with incipient diabetic nephropathy (n= 20). Group 3: patients with diabetic nephropathy (UalbV > 300 rag/24 h) (n=t7).
The level of albuminuria was determined on the basis of the median UalbV in three 24-h urine collections performed at home during normal physical activity. This was done in order to take into account the high (50%) day-to-day variation of the 24-h UalbV [13] . To evaluate the influence of long-term metabolic control Group I was further subdivided into: Group l a: good metabolic control (HbAlc<8.0%); n=19 and Group lb: poor metabolic control (HbAlc> 8.0%); n=18). The 4 groups were matched as to sex, age and diabetes duration. The frequency of estrogen users among the women was the same in the four groups (Table 1) . Beyond this, no subject was taking drugs other than insulin known to affect the levels of lipoproteins and fibrinogen or had any disease other than diabetes known to affect lipoprotein metabolism.
Laboratory measurements
All patients were studied after an 8-h fast and before insulin injection in the morning. A cannula was inserted in the antecubital vein and blood collection was made after 30 rain of lying at rest. Plasma was separated immediately.
Lipids and lipoproteins.
Plasma was stored at 4 ~ and within 24 h an aliquot (1.5 ml) was adjusted to a density of 1.019 by addition of a solution of sodium chloride and sodium bromide [14] . Another 1.5 ml aliquot from the same sample was adjusted to a density of 1.063. The samples were ultracentrifuged at 1.58 x 106 X g X rain (40.3 Beckman rotor at 4~ after which the top and bottom fractions were separated by tube slicing. Cholesterol and triglyceride in total plasma and cholesterol in the various ultracentrifuged fractions were determined enzymatically (Boehringer, Mannheim, FRG, CHOD-PAP method and GPO-PAP method respectively). The top fraction of the first tube (d < 1.019) contained very low density lipoprotein (VLDL). The bottom fraction of the second tube (d > 1.063) contained high density lipoprotein (HDL). The mean recovery of cholesterol after tube slicing was 97.5%+3.5%. Low density lipoprotein (LDL) cholesterol (1.019 < d < 1.063) was calculated by subtracting HDL cholesterol and VLDL cholesterol from total cholesterol.
Fibrinogen in plasma was determined as trombine coagulable fibrinogen as described by Jacobsen [15] . HbAlo was measured by a chromatographic technique [16] . The normal range was 4.1-6.4%. Serum albumin (umol/l) and urinary albumin excretion (mg/24 h) were measured using an ELISA assay [13] . Serum creatinine (~mol/ 1) was measured by a reaction rate kinetic principle eliminating pseudocreatinines [17] . Blood-glucose was measured using Hypocount (Suffolk, England). Free insulin in plasma was determined after immediate centrifugation and polyethylene glycol precipitation as described by Hanning [18] .
Insulin dose was given in IU/kg body weight. Blood pressure was measured with a standard clinical sphygmomanometer (cuff 25 x 12 cm). Diastolic blood pressure was measured at disappearance of the Korotkoff sounds (phase 5). Results are given as mean blood pressure. The eye background was examined by ophthalmoscopy through the dilated pupil and classified as normal, simplex or proliferative retinopathy. Smokers were all subjects smoking one or more cigarettes per day. All others are non-smokers. Body mass index (BMI) was calculated as weight/height 2 (kg/m2). Recommended daily energy intake is given in kJ.
Statistical analysis
Results are given as mean + SD and median and range when values were normal, or not normally distributed respectively. Unpaired Student's t-tests were used for comparison between groups when values were normally distributed; otherwise the Mann-Whitney test was used. Correlations were sought using stepwise multiple linear regression analysis. In this analysis log transformed values of UalbV, triglyceride and fibrinogen were used.
Results
The patients' clinical data are shown in Table 1 . The nearly perfect match of the four groups as to blood glucose, free insulin in plasma, insulin dose, BMI, smoking frequency and total daily energy intake is demonstrated. The group with clinical nephropathy had a higher mean blood pressure and serum creatinine level and a lower serum albumin level than the groups with normal UalbV. The 18 patients with normal UalbV and HbAlc > 8.0% (Group 1 b) matched as to long-term metabolic control closely with the patients in Groups 2 and 3.
The plasma concentration of cholesterol, VLDLcholesterol, LDL-cholesterol, triglyceride and fibrinogen were significantly higher in the patients with UalbV>300mg/24h compared with patients with normal UalbV and similar metabolic control (p< 0.05) ( Table 2) . Intermediate values were found in the patients with incipient nephropathy. HDL-cholesterol concentration was not significantly different if the metabolically comparable groups with different UalbV were compared. In the groups with normal UalbV, the patients with HbAlc> 8.0% had significantly higher concentrations in plasma of VLDL-cholesterol and lower concentrations of HDL-cholesterol compared with patients with HbAlc< 8.0% (p< 0.05).
Correlation coefficients from stepwise multiple linear regression analysis, including all patients, are shown in Table 3 . UalbV correlated independently with the plasma concentration of VLDL-cholesterol, LDL-cholesterol, total cholesterol, triglyceride and fibrinogen (p<0.01). HDL-cholesterol did not correlate with UalbV. HbA~r correlated independently with the plasma level of VLDL-cholesterol, HDL-cholesterol and triglyceride, whilst no correlation was found between blood pressure, serum albumin or serum creatinine and the plasma concentration of lipoproteins or fibrinogen.
Discussion
The present study comprises patients with insulin-dependent diabetes mellitus with different levels of albuminutia based on three 24-h urine collections. The renal function was fairly well preserved in all subjects and their serum creatinine did not exceed 150 p~mol/1.
The increased level of lipids in plasma in patients with overt clinical diabetic nephropathy compared with patients with normal UalbV, together with the demonstration of raised plasma fibrinogen concentration are in accordance with previous studies [9] [10] [11] [12] . However, the demonstration of intermediate plasma concentrations in patients with incipient nephropathy are new and indicate that abnormalities in plasma concentrations of lipoproteins and fibrinogen are an early event in diabetic nephropathy. This is supported by the demonstration of independent correlations between urinary albumin excretion and plasma concentrations of very low and low density lipoproteins and fibrinogen, although renal function was only impaired to a minor degree in the patients with nephropathy. Vannini [12] found no correlation between UalbV and plasma concentrations of lipoproteins in diabetic patients. However, his classification of patients was based on only one 24-h urine sample, which, due to the high day-to-day variation in UalbV, causes a considerable risk of misclassification [19] .
The mechanism behind the observed changes in plasma concentrations of lipoproteins and of fibrinogen is still unknown. In patients with non-diabetic nephrosis increased lipoprotein synthesis has been demonstrated as a non-specific response to albumin loss [20, 21] . The elevated VLDL-and LDL-cholesterol levels in the patients with the most pronounced urinary albumin loss may at least in part be explained by the same mechanism: a non-specific increased plasma protein synthesis in the liver together with a preferential loss in the kidneys of the smaller macromolecules such as albumin (diameter 7.2 nm) and HDL (diameter 10 nm) compared with the much larger LDL-and VLDL-particles [22] . This explanation may also apply to plasma fibrinogen, which, due to its thread-like molecular structure has an endothelial permeability coefficient comparable to that of LDL [23, 24] . Loss of apoproteins through the kidneys may also interfere with lipoprotein levels in these patients. Plasma concentration of HDL-cholesterol and in part, concentra-tions of VLDL-cholesterol and triglyceride, are associated with the long-term metabolic control of the diabetes. Inhibition of plasma lipoprotein lipase increases VLDL-cholesterol and decreases HDL-cholesterol [25, 26] . It is unknown if glycosylation of this plasma enzyme results in such an inhibition or if a direct interaction between insulin and the enzyme is involved.
Intervention studies in non-diabetic males have associated an 8% reduction of total plasma cholesterol with a 20% reduction in cardiovascular mortality and a 10% reduction of total plasma cholesterol combined with a 12% increase in HDL cholesterol with a 34% reduced incidence of coronary heart disease [27, 28] . In the Northwick Park Heart Study among middleaged men a 20% fibrinogen elevation was associated with an approximately 80% increased risk of ischaemic heart disease [29] . Although it is reasonable to associate the described risk factors with the increased risk of cardiovascular disease, simple addition of these risk factors can only account for a minor part of the greatly increased cardiovascular mortality in patients with diabetic nephropathy. An additional and probably more decisive factor might be a change in the arterial wall, a change which promotes lipid accumulation and/or facilitates thrombus formation.
